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EFFECTS OF DIFFERING AMOUNTS OF TRAINING AND OF 
MONOCHROMATIC TARGETS ON SEXTANT 
SIGHTING PERFORMANCE 
By E m m e t t  C .  Lampkin and Robert J .  Randle 
Ames Research Center  
SUMMARY 
Recent i n v e s t i g a t i o n s  of s ex tan t  s i g h t i n g  performance have been concerned 
with t h e  e f f e c t s  of  t e l e scope  f a c t o r s ,  t h e  inf luence  of  var ious  t a r g e t  back­
ground c o n t r a s t s ,  and t h e  e f f e c t  of motion of e i t h e r  t h e  t a r g e t  o r  t h e  
observer .  Addit ional  s t u d i e s  have examined s t a r  r ecogn i t ion  and i d e n t i f i c a ­
t i o n  i n  r e l a t i o n  t o  t h e  f i e l d  of view. The p resen t  s tudy was concerned with 
two add i t iona l  v a r i a b l e s :  (1) s ex tan t  s i g h t i n g  t r a i n i n g  schedules  and 
( 2 )  use  of s imulated monochromatic s t a r  t a r g e t s .  
F i f t e e n  male co l lege  s tuden t s  were d iv ided  i n t o  t h r e e  equal  groups and 
t r a ined  f o r  vary ing  l eng ths  of time on a s tar-s tar  sex tan t  s i g h t i n g  t a s k .  
A t r end  a n a l y s i s  revea led  s i g n i f i c a n t  improvement i n  performance (p < 0.001) 
f o r  a l l  groups through t h e  f i f t h  day of  t r a i n i n g .  There were no d i f f e r e n c e s  
between groups compared through t h e  f i f t h  day. One group was t r a i n e d  f o r  an 
add i t iona l  f i v e  days,  b u t ,  a t  t h e  end o f  t h a t  pe r iod ,  showed no s i g n i f i c a n t  
change from t h e  f i f t h  day. 
The same sub jec t s  l a t e r  performed a star-star sex tan t  s i g h t i n g  t a s k  
us ing  va r ious  combinations of monochromatic s ta rs .  Performance v a r i a b i l i t y  
decreased s i g n i f i c a n t l y  (p < 0.01) when s i g h t i n g s  were made us ing  two red  
s t a r s .  
INT RODUCT ION 
In  r e p e t i t i o u s  t a s k s  such as s e x t a n t  s i g h t i n g  t r a i n i n g ,  one important 
ob jec t ive  i s  t o  judge as c l o s e l y  as p o s s i b l e  when t h e  t r a i n e e  has reached h i s  
performance asymptote. Tra in ing  beyond this po in t  does not  improve t h e  per ­
formance o f  t h e  t r a i n e e  and, i n  f a c t ,  may be de t r imen ta l  t o  h i s  p ro f i c i ency  
by inc reas ing  boredom and decreas ing  h i s  i n t e r e s t  i n  t h e  t a s k .  Even s u b j e c t s  
whose performance does no t  d e t e r i o r a t e  wi th  o v e r t r a i n i n g  seldom show any s i g ­
n i f i c a n t  improvement, even months l a te r .  In a p i l o t  s tudy,  it was found t h a t  
t h e  b e s t  d a i l y  t r a i n i n g  schedule  us ing  a gimbal-mounted sex tan t  i s  3 s e t s  of  
16 s i g h t i n g s  each p e r  day, with a few minutes r e s t  between sets .  Previous 
sex tan t  s i g h t i n g  experiments ( r e f s .  1-4) sugges t  t h a t  t h e  average amount o f  
t r a i n i n g  needed t o  reach asymptotic performance might be somewhere between 4 
and 8 days.  Most of t h e  s u b j e c t s  appeared t o  have reached t h e i r  performance 
asymptote by t h e  f i f t h  day of t r a i n i n g ,  b u t  around t h e  e igh th  day many 
s u b j e c t s  showed a performance decrement. 
The p resen t  s tudy  was designed t o  i n v e s t i g a t e  both ends of  t h e  p e r f o r ­
mance range found i n  t h e  previous d a t a .  Five and ten-day t r a i n i n g  schedules  
were used. By doubl ing t h e  f ive-day t r a i n i n g  per iod ,  considered t o  be t h e  
optimum, it was f e l t  t h a t  t h e  t i m e  needed by any s u b j e c t  t o  reach asymptote 
would be included; an a d d i t i o n a l  f i v e  days should allow t i m e  f o r  any d e t e r i ­
o r a t i o n  i n  performance t o  appear.  A group o f  experienced s u b j e c t s  was a l s o  
included t o  f i n d  out  how much r e t r a i n i n g  i s  requi red  f o r  experienced s u b j e c t s  
t o  r ega in  t h e i r  performance asymptote. The s e l e c t i o n  c r i t e r i o n  f o r  expe r i ­
enced s u b j e c t s  was t h a t  they  must have p a r t i c i p a t e d  i n  a t  least  two previous 
s e x t a n t  s i g h t i n g  experiments i n  which t h e  same apparatus  was used as i n  t h i s  
s tudy  t o  a s su re  t h a t  t h e  s u b j e c t s  were familiar with t h e  apparatus  and t h e  
experimental  procedures used.  
One important requirement i n  space nav iga t ion  is t h e  r ap id  a c q u i s i t i o n  
of  c o r r e c t  s ta r  t a r g e t s .  Previous s t u d i e s  have examined s tar  recogni t ion  and 
i d e n t i f i c a t i o n  i n  r e l a t i o n  t o  t h e  f i e l d  of view ( r e f s .  5 and 6 ) .  If stars 
with d i s t i n c t i v e  c o l o r s ,  �or example, r ed  o r  green,  can provide t h e  same 
accuracy as white  stars,  then a c q u i s i t i o n  time and c o r r e c t  i d e n t i f i c a t i o n  
might be  g r e a t l y  improved. Also, it is  p o s s i b l e  t h a t  us ing  two stars of  d i f ­
f e r e n t  co lo r  might a i d  i n  t h e  t a s k i n g  i n  t h a t  when t h e  sub jec t  superimposed 
t h e  stars he  would s e e  a t h i r d  c o l o r .  I f  t h e  two stars are equal  i n  i n t e n s i t y  
and apparent s ize ,  t h e r e  should be l i t t l e  t r a c e  o f  t h e  o r i g i n a l  two c o l o r s ,  
thus  provid ing  i n s t a n t  feedback on performance. I t  was hypothesized t h a t  
us ing  two d i f f e r e n t l y  co lored  stars might y i e l d  b e t t e r  performance because of  
t h i s  add i t iona l  feedback. Two ques t ions  considered were: (1) How i s  s e x t a n t  
s i g h t i n g  performance a f f e c t e d  when both s ta r  t a r g e t s  a r e  t h e  same co lo r ,  i n  
comparison with t h e  usual  white  l i g h t  s t a r ?  ( 2 )  Is t h e  sex tan t  s i g h t i n g  per ­
formance improved when two stars of d i f f e r e n t  c o l o r  are used? 
METHOD 
Apparatus 
The s i g h t i n g  instrument used was a s tandard  marine s e x t a n t ,  gimbal 
mounted ( f i g .  1) t o  a l low t h e  s e x t a n t  t o  be r o t a t e d  f r e e l y  about i t s  o p t i c a l  
a x i s  (primary l i n e  of  s i g h t ) .  The sex tan t  and t h e  s imulated stars a r e  
descr ibed  i n  d e t a i l  i n  re ference  1. Mounting t h e  s e x t a n t  i n  t h i s  manner elim­
n a t e s  t h e  usual  requirement t h a t  t h e  sub jec t  hold t h e  instrument i n  h i s  hand, 
and thus  minimizes v a r i a b i l i t y  due t o  ind iv idua l  d i f f e r e n c e s  i n  hand-arm 
s t r e n g t h  and f a t i g u e .  A d i g i t a l  s h a f t  encoder was a t t ached  t o  t h e  v e r n i e r  
knob of t h e  sex tan t  ( see  f i g s .  1 and 2 ) .  The encoder was, i n  t u r n ,  connected 
t o  a remote readout  s t a t i o n  monitored by t h e  experimenter who gave feedback t o  
t h e  sub jec t s  a f te r  they  completed each s i g h t i n g .  Each angular  s i g h t i n g  was 
p r i n t e d  ( i n  seconds of a r c )  on paper  t a p e  when t h e  sub jec t  pressed  a f o o t  
switch,  and t h e  number was read  t o  t h e  s u b j e c t .  
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- line of sight 
Figure 1.- Standard marine sext ant gimbal 
mounted with digital shaft encoder and 
specia l telescope. 
A specially designed telescope was 
substituted for the standard monocular 
supplied with the sextant to obtain 
higher quality target images (see figs . 1 
and 3). To increase the clarity of the 
star images even more, a one-ha lf-
diameter of the objective lens) aperture 
s t op was placed in front of the object ive 
lens. Reference 1 provides data on the 
increased quality obtained when the 
special telescope is substituted for the 
regular monocular and, also, discusses 
the details of the telescope itself. 
Stars were simulated by projecting 
a point source of light onto a parabolic 
----_ .-----------------
Figure 2. - Standard marine sextant showing 
digital shaft encoder. 
Figure 3.- Comparison of the standard sextant 
monocular and the specially designed 
high-power telescope. 
mirror. The point source was produced by placing a 2.S-V (dc) grain-of-wheat 
lamp behind a O.OOOS-inch-diameter aperture and positioning it at the focal 
point of the parabolic mirror. This resulted in a collimated image of the 
aperture being projected, which the subjects perceived as a star at infinity. 
Four combinations of monochromatic stars were used: red-red, blue-blue, 
white-white, and red-green. Star intensity was set at plus one visual magni-
tude (+1.0) for all conditions. Kodak Wratten gelatin filters were used to 
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Figure 4. - Curves for the Kodak Wratten filt ers 
used to make the monochromatic targets. 
Figure 5.- Closeup view of the filter holder, 
grain-of-wheat lamp, and sample filter. 
produce the monochromatic stars (fig. 4). Figure 5 shows the support device 
of the point source in detail. The 2.S-V (dc) grain-of-wheat lamp had an 
approximate color temperature of 2200° K at 2.0 V, as measured by an optical 
pyrometer. 
Sighting Task 
Figure 6 shows the major parts of the standard marine sextant and may be 
a useful reference for the following discussion of the standard sighting task 
used by all subjects. The same sighting method was used during both the 
training and experimental phases, and required the subject to superimpose two 
star targets which he saw in the telescope field of view. Each sighting 
began with the secondary star positioned above the stationary star, as seen 
in the telescope field of view. By turning the vernier adjustment, the sub-
ject moved the indexing mirror and the secondary star appeared to move toward 
the primary star in his field of view. Subjects were instructed to rotate the 
vernier control in one direction only to reduce mechanical backlash errors. 
The secondary star was allowed to be brought to superimposition only from a 
position above the primary. If the subject decided he had brought the secon-
SECONDARY LINE OF SIGHT, NDEXING MIRROR 
" 
NIER ADJUSTMENT 
Figure 6.- Standard marine sextant. 
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dary star down too far, he was 
required to move the secondary back 
to the starting position and sight 
again. The experimenter monitored the 
digital readout and was able to assure 
that every subject started each sight -
ing with the secondary star positioned 
at least 5 minutes of arc above the 
primary. When the stars appeared to 
be superimposed, the subject oscil-
lated the sextant about its optical 
axis, and the secondary star appeared 
to swing in an arclike manner. In 
this way, the subject was able to 
confirm how close he had brought the 
targets to superimposition. 
-- 
Sub jec t s  
F i f t e e n  male s tuden t s  from nearby c o l l e g e s  were s e l e c t e d  as s u b j e c t s  on 
t h e  b a s i s  of s a t i s f a c t o r y  sco res  on s t anda rd  v i s i o n  tests.  A Bausch and Lomb 
o r t h o r a t e r  was used t o  t e s t  v i s u a l  a c u i t y  ( r e f .  7 ) ,  and t h e  I s h i h a r a  c o l o r  
t e s t  f o r  co lo r  percept ion  ( r e f .  8 ) .  A s a t i s f a c t o r y  sco re  cons i s t ed  o f  
(1) uncorrec ted  v i s u a l  a c u i t y  equiva len t  t o  Snel len  20/20 or b e t t e r ,  and 
( 2 )  no co lo r  d e f i c i e n c i e s .  The s u b j e c t s  were d iv ided  i n t o  t h r e e  groups o f  
f i v e .  Groups I and I1 were na ive ,  and group 111, previous ly  t r a i n e d  s u b j e c t s  
who had p a r t i c i p a t e d  i n  a t  l e a s t  two previous  s e x t a n t  s i g h t i n g  experiments 
using t h e  same apparatus  employed i n  t h i s  s tudy .  
Tra in ing  
Group I rece ived  5 days o f  t r a i n i n g ,  group 11, 10 days,  and group 111, 
5 days of r e f r e s h e r  t r a i n i n g .  Each s u b j e c t  made 48 s i g h t i n g s  p e r  day - 3 sets 
of 16 s i g h t i n g s  - with approximately 20 minutes rest  between sets.  
S igh t ing  on t h e  Monochromatic S t a r s  
One c o l o r  cond i t ion  was run p e r  day wi th  16 s i g h t i n g s  taken p e r  condi t ion  
by each s u b j e c t .  Each c o l o r  condi t ion  was repea ted  once f o r  a t o t a l  of 
8 days.  Condi t ions were randomized i n  two blocks o f  f o u r  (of each c o l o r )  t o  
o f f s e t  serial ,  or l e a r n i n g ,  e f f e c t s .  
RESULTS AND DISCUSSION 
Tra in ing  
Table I ,  a summary of  t h e  a n a l y s i s  of var iance  f o r  a l l  groups through 
t r a i n i n g  day f i v e ,  shows no s i g n i f i c a n t  d i f f e r e n c e s  between s u b j e c t s  or 
experimental  cond i t ions .  In  add i t ion ,  a t r e n d  a n a l y s i s  ( r e f .  9 ,  p .  227)  com­
pared a l l  groups ac ross  t h e  f i rs t  f i v e  days of t r a i n i n g .  Table I1 summarizes 
TABLE 1.- ANALYSIS OF VARIANCE :ABLE 11.- ANALYSIS OF VARIANCE SUMMARY 
SUMMARY FOR THE TREND ANALYSIS 
(For a l l  groups, t r a i n i n g  days 	 ._ - -~ 
.~_ _  Sburce ~ ml1-5) A: Groups 4 7.06 N.S. 
_. E r r o r  20  8.63 
Source B: Sess ions  4 64.92 45.7Za 
.
T r i a l s  AxB: GroupsxSessions 8 2.80 N.S. 
Subjec ts  6.62 N.S. Error (b) 88 1.42 
S ' s x t r i a l s  Tot a1 124 1-
Tota l  24 
- = ­ ~ 
5 
-- 
y II 
-0GROUP I -TRAINED 5 DAYS, 
NAIVE 
-4 GROUP II -TRAINED 10 DAYS 
NAIVE 
IEFRESHER, 
t h a t  a n a l y s i s  of  va r i ance .  Figure 7 
shows t h a t  performance f o r  a l l  groups 
improved very s i g n i f i c a n t l y  
(p < 0.001)l  during t h e  first f i v e  days.  
Table I11 shows t h e  F tests f o r  t h e  
l inear  and q u a d r a t i c  components of  t h e  
curves ,  both of  which were very s i g n i f ­
i c a n t  (p < 0.001 and p < 0.005). The 
a d d i t i o n a l  t r a i n i n g  days 6-10 of  group 
I1 were analyzed, b u t  p ro f i c i ency  f o r  
t h e  e x t r a  t r a i n i n g  days d i d  not  d i f f e r  
s i g n i f i c a n t l y  from t h a t  a t  t h e  end of 
day 5 .  
Figure  7 . - Average group t r a i n i n g  performance. I n  t r a i n i n g  s i t u a t i o n s  i n  which 
t h e  t a sk  quick ly  becomes monotonous, 
such as s e x t a n t  s i g h t i n g ,  maintaining 
i n t e r e s t  and motivat ion must be  consid-
TABLE 111.- F TESTS FOR LINEAR AND e red  when perfbrmances a r e  eva lua ted .  
The most i n t e r e s t i n g  r e s u l t  i n  t h e  
QUADRATIC COMPONENTS OF THE t r a i n i n g  po r t ion  of t h e  s tudy  was t h a t  
T R A I N I N G  
Component 
Linear 
Quadrat ic  
ap < 0.001. 
bp < 0 . 0 0 5 .  
CURVES 	 t h e  p ro f i c i ency  of both groups of na ive  
s u b j e c t s  was comparable t o  t h a t  of t h e  
experienced group. This sugges ts  t h a t  
once an ind iv idua l  has reached h i s  
performance asymptote, h i s  p ro f i c i ency  
w i l l  remain very s t a b l e ,  assuming t h a t  
o t h e r  f a c t o r s  do no t  vary,  f o r  example, 
mot iva t ion .  Therefore ,  e x t r a  t r a i n i n g  
t o  f u r t h e r  sharpen t h e  s i g h t i n g  a b i l ­
i t i e s  of a s u b j e c t  may be a waste of 
t i m e .  Also, i f  a s u b j e c t  has no t  
performed t h e  s i g h t i n g  t a s k  f o r  an extended pe r iod  of t ime, f o r  example, s i x  
months o r  more, he may r e q u i r e  v i r t u a l l y  t h e  same amount of r e f r e s h e r  t r a i n i n g  
t o  reach h i s  prof ic iency  asymptote as a na ive  s u b j e c t .  
S igh t ing  on the  Monochromatic S t a r s  
A 4 (co lors )  by 15 ( sub jec t s )  f a c t o r i a l  design was used f o r  t h e  evalu­
a t i o n  of performance d i f f e rences  i n  s i g h t i n g  on t h e  colored stars ( r e f .  11) .  
The dependent v a r i a b l e  was t h e  s tandard  dev ia t ion  of  t h e  s u b j e c t ' s  16 angle  
readings .  The s tandard  dev ia t ion  was used as t h e  s u b j e c t ' s  s co re  f o r  each 
condi t ion  because i t  measures the  consis tency with which he made h i s  s i g h t ­
i n g s ,  and ind ica t e s  t h e  r e l i a b i l i t y  of t h e  s i g h t i n g s .  Reference 1 provides  
a d e t a i l e d  explanat ion of  t he  use  o f  t h e  s tandard  dev ia t ion  i n  t h i s  t a sk .  
__ - _ _  - _. _ _~ 
lSmall p r ep resen t s  t h e  p r o b a b i l i t y  of t he  event  occurr ing by chance. 
For a f u r t h e r  d i scuss ion ,  see re ference  10, pages 202 and 249. 
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TABLE 1 V . - ANALYSIS OF VARIANCE 
SUMMARY: COLORS 
I Source l d f l  MS I F 
20. 98a 
Ax B 7 
ap < 0.001. 
TABLE V. - COMPARISONS OF THE COLOR 
CONDITIONS USING SCHEFFE'S METHOD 
- .~ 
Colors compared A F 
Red- vs . b l u e  114.85 43. O l a  
Red vs .  white  .92 N.S. 
Red vs .  red-green 66.72 24. 98b 
Blue vs .  white  95.19 36. 6Sa 
Blue vs . red-green 6.50 N.S. 
White vs .  red-green 51.96 19.46' 
a p < 0.01 
bp < 0.05 
'p < 0.05  
-0- RED-REO 
- 0 - REO-GREEN 
-0-BLUE-BLUE 
----b WHITE-WHITE 
n
5 5 ­
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Figure  8.- Average ranked performance comparing 
color  cond i t ions .  
Table I V  p re sen t s  t h e  r e s u l t s  of  
t h e  a n a l y s i s  o f  va r i ance  f o r  t h e  c o l o r  
condi t ions  and shows a s i g n i f i c a n t  d i f ­
fe rence  (p < 0.001) between c o l o r s .  
Table V summarizes Sche f fe ' s  m u l t i p l e  
comparison technique ( r e f .  9 ,  p .  154) 
which t e s t s  t h e  r e l a t i o n s h i p s  between 
t h e  c o l o r  cond i t ions .  When both s t a r  
t a r g e t s  were r ed  o r  both were white ,  
performance v a r i a b i l i t y  was s i g n i f i ­
c a n t l y  l e s s  than when both were b lue ,  
o r  one r e d  and t h e  o t h e r  green. pe r ­
formance was worst  when both stars were 
b lue .  No f i l t e r s  were used i n  t h e  
white-white condi t ion ,  b u t  vo l tage  l i m ­
i t a t i o n s  when t h e  stars were ad jus ted  
t o  p lus  one (+1) v i s u a l  magnitude 
r e s u l t e d  i n  a c o l o r  temperature  much 
lower than t h e  2200" K o r i g i n a l l y  
measured a t  2 V .  Consequently, t h e  
white  stars appeared t o  be more of  a 
reddish-orange, and approximated t h e  
red  condi t ion .  
One poss ib l e  reason f o r  t h e  poor 
performance when two b lue  t a r g e t s  were 
used was t h e  n e c e s s i t y  t o  have s u b j e c t s  
s i g h t  i n  t h i s  condi t ion  without  t h e  
ape r tu re  i n  f r o n t  o f  t h e  ob jec t ive  
l ens  of t h e  te lescope ,  while  a l l  o the r  
condi t ions  had t h e  ape r tu re  i n  p l a c e .  
Reference 1 p resen t s  evidence t h a t  
s topping  down t h e  o b j e c t i v e  l ens  of t h e  
t e l e scope  s i g n i f i c a n t l y  improves pe r ­
formance. However, i n  t h e  b lue-b lue  
condi t ion  p l u s  one ( + l ) ,  v i s u a l  magni­
tude t a r g e t s  could not  be  seen by some 
s u b j e c t s  when t h e  ape r tu re  s t o p  was i n  
p l ace .  
The poor showing with t h e  red-green 
condi t ion ,  on t h e  o the r  hand ( f i g .  8 ) ,  
sugges ts  t h a t  us ing  d i f f e r e n t  c o l o r s  
f o r  each t a r g e t  may be  a d i f f e r e n t  t a s k  
from t h e  s ing le -co lo r  cond i t ions .  
Since t h e  poin t -source  t a r g e t s  could 
no t  be matched f o r  b r igh tness  and hue, 
superimposi t ion always r e s u l t e d  i n  some 
of  t h e  o r i g i n a l  c o l o r s  remaining v i s i b l e . - This ,  then ,  r equ i r ed  t h e  s u b j e c t  
t o  add another  i nd iv idua l  c r i t e r i o n  t o  h i s  e s t ima t ion  of  what superimposi t ion 
should be. The d i f f e r e n c e  i n  wavelength between t h e  two co lo r s  may a l s o  have 
caused v a r i a t i o n  due t o  ind iv idua l  d i f f e r e n c e s  i n  accommodation. 
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CONCLUSIONS 

The r e s u l t s  o f  t h e  s tudy  i n d i c a t e  t h a t :  
1. Five days of t r a i n i n g  a r e  s u f f i c i e n t  for achiev ing  a performance 
asymptote when s e x t a n t  s i g h t i n g  under t h e  cond i t ions  of  t h i s  s tudy .  
2 .  If monochromatic star t a r g e t s  may be used f o r  s e x t a n t  s i g h t i n g s ,  
t h e  l e a s t  v a r i a b i l i t y  i n  human performance i s  a s soc ia t ed  with t a r g e t s  from 
t h e  r e d  end o f  t h e  spectrum. 
Ames Research Center 
Nat ional  Aeronautics and Space Adminis t ra t ion 
Moffet t  F i e ld ,  C a l i f . ,  94035, Dec. 9, 1968 
127-51-06-03-00-21 
8 
REFERENCES 

1. 	 Randle, Robert J . ;  Lampkin, E m m e t t  C . :  The Ef fec t  of  Some Telescope 
Fac tors  on V a r i a b i l i t y  of Performance i n  Sextant  S igh t ing .  NASA 
TN D-4781, 1968. 
2 .  	 Randle, Robert J . ;  and Lampkin, E m m e t t  C . :  The Effects of I r r a d i a t i o n  
and S t a r  Magnitude on Sextant  S igh t ing  Performance. NASA TN D-4780, 
1968. 
3.  	 Randle, Robert J . ;  Lampkin, Bedford A. ;  and Lampkin, Emmett C . :  Sextant  
S ight ing  Performance i n  Measuring t h e  Angle Between a S ta t iona ry  
Simulated S t a r  and a S ta t iona ry  Blinking Light .  NASA TN D-3506, 1966. 
4.  	 Lampkin, Bedford A . ;  and Randle, Robert J . :  Inves t iga t ion  o f  a Manual 
Sextant  S igh t ing  Task i n  t h e  A m e s  Midcourse Navigation and Guidance 
Simulator .  NASA TN D-2844, 1965. 
5 .  	 Allen,  R .  W . ;  and Hershberger,  M .  L . :  Telescope F ie ld  of V i e w  Require­
ments f o r  S t a r  Recognition. Human Fac to r s ,  v o l .  8,  1966, pp. 41-47. 
6 .  	 Hegarty, Daniel M . :  The Effec t  of  F i e ld  o f  View on S t a r  F i e ld  
I d e n t i f i c a t i o n .  NASA TN D-1653, 1963. 
7. 	 Bausch and Lomb, Inc . :  Martin Ortho-Rater Catalog,  No. 71-21-40-65, and 
Modified Or tho ra t e r  Catalog No. 71-21-31-02, Rochester,  N .  Y . ,  1965. 
8. 	 I sh iha ra ,  S . :  Tes t s  f o r  Color Bl indness .  Kanehara Shuppan Co., Ltd. ,  
Tokyo, 1962. 
9 .  	 Edwards, A.  L . :  Experimental Design i n  Psychological Research, Revised 
ed . ,  Hol t ,  Rinehar t ,  and Winston, New York, 1960. 
10. 	 Clarke,  R .  B . ;  Coladarci ,  A. P . ;  and Caffrey,  J . :  S t a t i s t i c a l  Reasoning 
and Procedures.  C .  E .  Merrill Books, Inc . ,  Columbus, Ohio, 1965. 
11. 	 Lindquis t ,  E .  F . :  Design and Analysis  of Experiments i n  Psychology and 
Education. Houghton M i f l i n  Co. , Boston, 1953. 
NASA-Langley, 1969 -5 A-3103 9 
-- 
AERONAUTICSNATIONAL AND SPACE ADMINISTRATION 
WASHINGTON,D. C. 20546 
OFFICIAL BUSINESS FIRST CLASS MAIL 
POSTAGE AND FEES PAID 
NATIONAL AERONAUTICS AND 
SPACE ADMINISTRATION 
POSTMASTER: 
“The neromitticnl mid spnce nctivities of f k e  United Stntes shall be 
condiicted so ns t o  coiztribzite . , . t o  the expnnsiou of huiiin?i knotul­
edge of pheizoirieiiu in the ntiirosphere nizd spnce. T h e  Adi~iinistmiio~a 
shnll provide fo r  the widest practicnble niad appropridte disseiizimrion 
of informntion concerizing i ts  n c t i ~ i ~ i e ~nzd the resiilts thereof .” 
’ -NATIONALAERONAUTICSAND SPACE ACT OF 1958 
If Undeliverable (Section 158 
Postal Manual)  Do Not Return 
NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS 

TECHNICAL REPORTS: Scientific and 
technical information considered important, 
complete, and a lasting contribution to existing 
knowledge. 
TECHNICAL NOTES: Information less broad 
in scope but nevertheless of importance as a 
contribution to existing knowledge. 
TECHNICAL MEMORANDUMS : 
Information receiving limited distribution 
because of preliminary data, security classifica­
tion, or other reasons. 
CONTRACTOR REPORTS: Scientific and 
technical information generated under a NASA 
contract or grant and considered an important 
contribution to existing knowledge. 
TECHNICAL TRANSLATIONS: Information 
published in a foreign language considered 
to merit NASA distribution in English. 
SPECIAL PUBLICATIONS: Information 
derived from or of value to NASA activities. 
Publications include conference proceedings, 
monographs, data compilations, handbooks, 
sourcebooks, and special bibliographies. 
TECHNOLOGY UTILIZATION 
PUBLICATIONS: Information on technology 
used by NASA that may be of particular 
interest in commercial and other non-aerospace 
applications. Publications include Tech Briefs, 
Tech,lology Utilizatioll Reports and Notes, 
and Teclmology Surveys. 
Details on the availability of these publications may be obtained from: 
SCIENTIFIC AND TECHNICAL INFORMATION DIVISION 
NATIONA L AER ONAUT1C S  AND SPACE ADM INISTRATION 
Washington, D.C. 20546 
